gaogene8, isolated from the rumen of sheep, which produces propionic and acetic acids, hydrogen, and carbon dioxide. It occurred in numbers of about one million per ml and rapidly attacked succinic acid, forming propionic acid and carbon dioxide.
In the present study an attempt has been made to obtain more information on the lactate utilizing bacteria in the rumen of cattle by determining the kinds and numbers present. EXPERIMENTAL 
METHODS
Samples of rumen fluid were obtained with a tube and suction bulb (Hungate, 1950) The agar medium used initially for isolation of lactate utilizers contained inorganic salts plus 30 per cent rumen fluid. Cysteine (0.05 per cent) was used as a reducing agent and resazurin as an indicator of oxidation-reduction potential. Anaerobic conditions were maintained by bubbling the tubes with carbon dioxide, and 0.5 per cent sodium bicarbonate was added to buffer the cultures at a pH of approximately 7.0. The culture technique and inorganic salts were similar to those previously used in this laboratory (Hungate, 1950) . All cultures were incubated at 37 C.
RESULTS
The lactate utilizers first noted were small gram negative curved rods which appeared after two days of incubation. They formed colonies varying in color from brown to almost black. The black color suggested that hydrogen sulfide might be formed from sulfate, and addition of ferrous sulfate to the medium gave a copious black precipitate of ferrous sulfide, indicating that the organisms belonged to the genus Desulfovibrio. The numbers varied between 50,000 and 100,000 per ml of rumen fluid. Some tested strains attacked malate. The relatively low numbers in which Desulfovibrio is found suggest that it is relatively unimportant as a lactate utilizer in the normal rumen. Their presence in the rumen does suggest that under conditions of high sulfate intake these organisms might produce sufficient quantities of hydrogen sulfide to be toxic (Dougherty, 1942 ).
After 7 to 14 days of incubation another type of colony consisting of gram positive rods appeared in higher dilutions of both lactate and nonlactate series, but with a greater size in the lactate medium. Three strains were isolated using the rumen fluid lactate medium, but they did not show consistently good growth in subcultures. The medium was changed to one per cent yeast extract, one per cent peptone, 0.5 per cent sodium lactate, agar, and inorganic salts. Because this medium gave more rapid and satisfactory growth, it was used for subsequent transfers and also for initial isolations. Two more strains were isolated, the lactate utilizers being detectable in the new medium after five days of incubation.
The cells of all strains were 0;5 to 0. were picked from nineteen initial dilution series, each inoculated from a different animal.2 After incubating for five days at 37 C, the acidified cultures were steam distilled and the volatile acids titrated. Inoculated control tubes without lactate were treated similarly and the amount of volatile acid subtracted from that found in the lactate tubes. The difference was assumed to arise from the fermentation of the lactate. The amounts of volatile acid produced from lactate by the nineteen strains ranged from 0.16 to 0.31 meq per 10 ml of medium. Duclaux distillation values for all strains indicated a mixture of acetic and propionic acids. For five of the cultures the volatile acids were separated and identified as acetic and propionic acids using the silica gel partition method of Elsden (1946) . In four of these strains the ratio of propionic to acetic acids was about two to one, but less propionic than acetic was found in the fifth.
Using the colony appearance as a means of identifying the propionibacteria, the numbers in the rumen contents of the nineteen different cows were estimated. The numbers varied from 250 thousand to 7 billion (7 X 109) per ml of rumen fluid, with an average of 1.3 billion. Although this high count seemed to indicate an active growth of propionibacteria in the rumen, a check was made to see if these bacteria were present also in hay. A culture count was made on a sample of timothy hay similar to that previously fed the nineteen cows, again using yeast extractpeptone agar with parallel lactate and nonlactte series. Propionibacteria appeared in dilutions which indicated that the number of colonies per gram of hay (air dry wt) was 600 million. A smple of alfalfa hay (Pullman, Washington) gave a count of 300 million per g and one of silage gave 10 million per g. In addition, strains were isolated from cuttings of green alfalfa obtained in Medford, Oregon (200 million per g), and Salinas, California (400 million per g), and were identified as Propionibacterium from the volatile acids produced and from other characteristics. In the Colton, Washington, area the following culture counts were obtained: Red Top hay (Agrostis alba) 2 billion per g, brome hay (Bromus inermis) 1 billion per g, and alfalfa hay, 600 million per g. Two dilution series inoculated with soil from a lawn and from an alfalfa field in the Pullman vicinity showed counts of 600 million propionibacteria per g for each soil sample. The strains isolated from these different sources showed cultural and biochemical characteristics similar in On agar shake tubes of this medium, colonies were visible in four days. This is slightly faster growth than on yeast-extract lactate and considerably faster than on rumen fluid lactate medium. However, the colonies did not continue to grow to the large size attained with the other media. In a flask culture containing 200 ml of this swering Johns' description had been identified in the various dilution series from cattle rumen, contents from a sheep were used as an inoculum. In this series lactate utilizing colonies were easily detected after 24 hours of incubation, and the pure cultures obtained from them were found to be gram negative cocci using lactate but not glucose, and producing propionic and acetic acids. The small grey, lenticular colonies appeared within 24 hours accompanied by numerous gas bubbles in the agar. Stains showed irregular masses of cocci 2 to 3 u in diameter. Sugars were not attacked. Indole was not formed and nitrate was not reduced. All characteristics observed agreed with the description of V. gazogenes. Using four sheep, numbers of colonies of V. gazogenes per ml of rumen fluid were found to be 180,000, 280,000, 520,000, and 120,000 per ml, respectively.
Using the information gained from the dilution series inoculated from the sheep, new dilution series inoculated with rumen contents of the fistulated steer were made, and in these it was possible to detect colonies of V. gazogene8 in the lower dilutions. The numbers found in three different dilution series inoculated at different times were 2,000, 60, and 200 per ml of rumen contents.
It was interesting to note that when the initial rumen dilution series tubes of both sheep and cattle were held for longer periods of time, colonies of propionibacteria invariably appeared in significantly higher numbers than V. gazogenes. The Veillmella colonies could be seen in 24 to 36 hours whereas the propionibacteria required 6 to 8 days. Douglas and Gunter (1946) have studied the metabolism of Corynebacterium acne8 and found that it carries on a propionic acid fermentation of various carbohydrates but will not utilize lactate. These workers have proposed a change in the nomenclature of this organism to Propionibacterium acne8 with the further provision that the phrase "ferments lactic acid" be deleted from the over-all description of the genus Propionibacterium (Breed et al., 1948) .
DISCUSSION
The strains of Propionibacterium isolated during the present investigation liquefy gelatin, produce indole, and reduce nitrate.8 These charac-8 culture of rumen strain B330B of Propionibacterium acnes has been deposited with the teristics are not possessed by the species listed in Bergey's Manual (except for nitrate reduction by Propionibacterium pentosaceum) but are described for P. acnea (Dougla and Gunter, 1946) . The only significant difference between the characteristics of P. acne8 reported by Douglas and Gunter and those found in the present strains is that the latter ferment lactate. Douglas4 subsequently has found lactate utilization by strains of P. acnes isolated from human sources, which erases this apparent difference. Accordingly, the strains of the present investigation are classified as Propionibacterium acne8. A difference between our strains and those of Douglas is the habitat from which they were obtained, but this does not seem to be a sufficient basis for separating them taxonomically, particularly in view of the great abundance of these bacteria in soil and plant materials and the possibility that human strains may derive from those sources.
It should be reported that in many of the initial dilution series from rumen, hay, and soil, irregularities were noted in the numbers of colonies in the various dilutions. The tubes of lower dilution sometimes showed no propionibacteria colonies, yet the higher dilution tubes would have several large ones. In subcultures from one of these colonies the organisms behaved in the conventional manner with many colonies appearing in the lower dilution tubes and the number diminishing as the dilutions increased. These discrepancies in colony number in initial series were disturbing, and it seemed desirable to find an explanation for them or to validate the reliability of culture counts by some independent method.
Using sterile medium as an inoculum, a test for contamination was performed, using all the materials and methods employed in experimental dilution series. No contamiants appeared after a suitable incubation period. Also, in the experimental dilution series no colonies were observed in the highest dilutions, indicating that contamination could not explain their presence in the lower dilutions.
Another possibility was that the alfalfa hay or other material used as an inoculum contained a heat labile substance which inhibited the organisms in the lower dilutions but was insufficient (Carroll, 1952) , it is apparent that a very significant growth of propionibacteria must have occurred in the rumen to give the observed counts.
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